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Abstract Text - ABTX (1): 

Described are mask -alignment detection structures that measure both the 
direction and extent of misalignment between layers of an integrated circuit 
using resistive elements for which resistance varies with misalignment in one 
dimension. Measurements in accordance with the invention are relatively 
insensitive to process variations, and the structures using to take these 
measurements can be formed along with other features on an integrated circuit 
using standard processes. One embodiment of the invention may be used to 
measure misalignment between two conductive layers. Other embodiments measure 
misalignment between diffusion regions and conductors and between diffusion 
regions and windows through which other diffusion regions are to be formed. A 
circuit in accordance with one embodiment includes row and column decoders for 
independently selecting mask -alignment detection structures to reduce the 
number of test terminals required to implement the detection structures. 

US Patent No.-PN(l): 
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Application Filing Date - AD (1): 
20000225 

TITLE - TI (1): 
Mas k-alignment detection circuit in x and y directions 

Brief Summary Text - BSTX (2): 

The invention relates to semiconductor fabrication, and in particular to 
mask -alignment test structures for measuring the alignment of superimposed 
elements formed on and within a semiconductor layer. 

Brief Summary Text - BSTX (5): 

The goal of the patterning process is to create circuit features in the 
exact dimensions required by the circuit design and to place them in the proper 
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locations on the surface of a semiconductor wafer. Perfect alignment is an 
ideal that cannot be achieved in practice. Instead, the various layers of an 
integrated circuit will be misaligned to some extent. Such misalignment is 
termed "mask misalignment " because misaligned mask images are the source of the 
error. When circuits fail during fabrication, it is desirable to determine 
whether the source of the failure is incorrect mask alignment . 

Brief Summary Text - BSTX (6): 

There are a number of conventional methods of detecting mask misalignment . 
For example, U.S. Pat. No. 5,770,995 to Masayuki Kamiya describes a structure 
that identifies misalignment between a conductive layer and a contact window 
layer. The disclosed structure indicates the direction of mask misalignment 
but does not provide an accurate measure of the extent of misalignment . Each 
of U.S. Pat. No. 4,386,459 to David Boulin and U.S. Pat. No. 4,571,538 to 
Pei-Ming Chow describe structures that indicate both the direction and extent 
of mask misalignment . However, the disclosed structures rely upon 
process-sensitive circuit parameters to produce accurate misalignment data. 
For example, misalignment data provided by both the Boulin and Chow structures 
is sensitive to line-width and resistivity variations. There is therefore a 
need for a mask -alignment detection structure that accurately indicates the 
direction and extent of mask misalignment, despite process variations. 

Brief Summary Text - BSTX (9): 

The present invention satisfies the need for an accurate mask -alignment 
detection structure that measures both the direction and extent of misalignment 
between layers of an integrated circuit. Measurements taken using structures 
in accordance with the invention are relatively insensitive to process 
variations, and the test structures can be formed along with other features on 
an integrated circuit using standard processes. 

Brief Summary Text - BSTX (10): 

One embodiment of the invention may be used to measure misalignment between 
a conductive layer and a contact layer. A first conductive layer is patterned 
to create a number of IC circuit features, including one conductive element for 
use in mask alignment . An adjacent insulating layer is patterned to create 
contact windows through which electrical contact is established with the 
underlying (over overlying) conductive layer. The insulating layer is 
patterned so that at least one resistive element formed within a contact window 
only partially overlaps the underlying conductive element. The overlap area, 
or "contact area," is proportional to the extent to which the contact window is 
aligned with the conductive element in a first dimension, but is relatively 
independent of the extent to which the contact window is aligned with the 
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conductive element in a second dimension perpendicular to the first. The 
resistance of the resistive element varies with contact area, the resistance 
increasing as the contact area decreases. Thus, the resistance of the 
resistive element is proportional to the extent of misalignment in the first 
dimension, and may therefore be used to measure misalignment in that dimension. 

Brief Summary Text - BSTX (11): 

In one embodiment, the resistive element is sandwiched between the 
conductive element and a second conductive element formed from a second 
conductive layer. The resistance of the resistive element is then measured by 
forcing a constant current through the resistive element and measuring the 
resulting voltage drop. (Alternatively, the resistance can be determined by 
presenting a constant voltage across the resistive element and measuring the 
resulting current.) The resistance of the resistive element is then converted 
into an approximation of misalignment between the contact layer and the first 
conductive layer. 

Brief Summary Text - BSTX (12): 

Process variations can affect the resistance of the resistive element, and 
therefore the validity of the measure of misalignment . Another embodiment of 
the invention addresses this problem using a second mask -alignment detection 
structure mirroring the structure described above. The second structure is 
opposite but otherwise identical to the first. Consequently, misalignment that 
increases the resistance through the first structure reduces the resistance 
through the second structure. The misalignment is then calculated using the 
relationship between the two resistances. One embodiment includes more than 
one pair of mirror-image detection structures, each exhibiting different 
degrees of overlap. This embodiment provides additional data points from which 
to discern misalignment . 

Brief Summary Text - BSTX (13): 

The first embodiment of the invention measures the alignment between a 
conductive layer and a contact layer. Alignment between other types of circuit 
layers is equally important. Thus, one embodiment of the invention measures 
misalignment between diffusion regions and conductors, and yet another 
embodiment measures misalignment between diffusion regions and windows through 
which other diffusion regions are to be formed. Each embodiment employs 
variable resistances as a measure of misalignment, and can be formed using 
conventional processing techniques. 

Drawing Description Text - DRTX (2): 
FIG. 1A is a plan view of a mas k-alignment structure 100 in accordance with 
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an embodiment of the invention that may be used to measure misalignment between 
a conductive layer and a contact layer. 



Drawing Description Text - DRTX (5): 

FIG. 3 depicts a mask -alignment measurement structure 300 in accordance with 
an embodiment of the invention that reduces the impact of process variations on 
alignment measurements. 

Drawing Description Text - DRTX (6): 

FIG. 4A depicts a mask -alignment measurement structure 400 in accordance 
with another embodiment of the invention. 

Drawing Description Text - DRTX (7): 

FIG. 4B is a graph depicting the relationship between contact length L and 
resistance for the various resistive elements 1 15 of mask -alignment measurement 
structure 400. 

Drawing Description Text - DRTX (8): 

FIG. 5A depicts a mask -alignment measurement structure 500 similar to 
mask -alignment measurement structure 400 of FIG. 4 A. 

Drawing Description Text - DRTX (9): 

FIG. 5B is a graph depicting the relationship between intended contact 
length L.sub.IN and the measured resistance for the various resistive elements 
115 of mask -alignment measurement structure 500 of FIG. 5A. 



Drawing Description Text - DRTX (10): 

FIG. 6 schematically depicts an integrated circuit 600 that reduces the 
number of test terminals needed to measure the resistances of an array of 
mask -alignment test structures. 

Drawing Description Text - DRTX (11): 

FIG. 7A is a plan view of a mask -alignment detection structure 700 in 
accordance with another embodiment of the invention. 

Drawing Description Text - DRTX (12): 

FIG. 7B is a cross sectional view of mas k-alignment detection structure 700 
taken along line B-B' of FIG. 7A. 

Drawing Description Text - DRTX (13): 

FIG. 8 depicts a mask -alignment measurement structure 800 in accordance with 
an embodiment of the invention that reduces the impact of process variations on 
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alignment measurements. 



Drawing Description Text - DRTX (14): 

FIG. 9A is a plan view of a mas k-alignment detection structure 900 in 
accordance with another embodiment of the invention. 

Drawing Description Text - DRTX (16): 

FIG. 10 depicts a mask -alignment measurement structure 1000 in accordance 
with an embodiment of the invention that reduces the impact of process 
variations on alignment measurements. 

Detailed Description Text - DETX (2): 

FIG. 1A is a plan view of a mask -alignment structure 100 in accordance with 
an embodiment of the invention that may be used to measure misalignment between 
a conductive layer and a contact layer; FIG. IB is a cross-sectional view of 
structure 100 taken along line A- A' of FIG. 1 A. 

Detailed Description Text - DETX (4): 

Contact layer is patterned so that resistive element 115 partially overlaps 
underlying conductive element 105. The overlap area, or "contact area," is 
proportional to the extent to which the contact window is aligned with the 
conductive element in the X dimension, but is relatively independent of the 
extent to which resistive element 115 is aligned with conductive element 105 in 
the Y dimension. The resistance of resistive element 115 varies with contact 
area, the resistance increasing as the contact area decreases. Thus, the 
resistance of resistive element 115 can be used to measure misalignment in the 
X dimension. 

Detailed Description Text - DETX (5): 

Structure 100 includes features 135, 140, and 145. As indicated by cross 
hatching, features 135, 140, and 145 are portions of the same layers used to 
form conductive element 110, resistive element 115, and conductive element 105, 
respectively. Features 135, 140, and 145 are not actual features of the 
invention, but instead serve to illustrate that the masked used to form the 
various layers are perfectly aligned in the X dimension. Similar features 
illustrate the extent of misalignment for layers depicted in other figures. 

Detailed Description Text - DETX (6): 

The area of the overlap between resistive element 115 and conductive element 
105 has a contact width W and a contact length L. As long as the mask alignment 
does not exceed a maximum misalignment tolerance M of structure 100 in the Y 
dimension, then contact width W remains constant regardless of the degree of 
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misalignment in the Y dimension. Tolerance M is the maximum alignment 
tolerance, assuming that conductive element 110 is sufficiently aligned with 
resistive element 115 so that misalignment between conductive element 110 and 
resistive element 115 does not impact the measurement. There is also a maximum 
alignment tolerance in the X dimension. In the depicted example, that 
tolerance is plus or minus L, the contact length: greater misalignments will 
not alter the resistance of resistive element 115 beyond minimum or maximum 
values. 

Detailed Description Text - DETX (7): 

Contact length L does not change with misalignment in the Y dimension, but 
increases or decreases with misalignment in the X dimension. Because the 
contact area is a product of the contact length L and the contact width W, the 
contact area is proportional to the extent of misalignment in the X dimension 
and is independent of the extent of misalignment in the Y dimension. 

Detailed Description Text - DETX (8): 

Conductive element 105 includes a pair of test terminals 150 and 155; 
conductive element 110 includes a similar pair of test terminals 160 and 165. 
These test terminals are used to determine the resistance of resistive element 
115. The resistance value of resistive element 115 is inversely proportional 
to the contact area, the resistance increasing as the contact area decreases. 
Thus, changes in contact area due to misalignment in the X dimension will 
produce changes in the resistance of resistive element 115. The resistance of 
resistive element 115 may therefore be used to measure misalignment in the X 
dimension. 

Detailed Description Text - DETX (9): 
FIG. 2 schematically depicts a test structure 200 that includes structure. 
100 of FIG. 1. Various elements of structure 100 are reproduced symbolically 
and designated using the same reference numbers used to designate them in FIG. 
1. For example, resistive element 1 15 of FIG. 1 is depicted as a resistor 115 
in FIG. 2. Resistive element 1 15 is shown as a variable resistor to emphasize 
that the resistance of resistive element 115 varies with misalignment, as 
discussed above. 

Detailed Description Text - DETX (11): 
A current source 225 connected to test terminal 150 supplies a fixed current 
through structure 100 to a power terminal 230, in this case a ground terminal. 
The fixed current develops a voltage across resistive element 115 that varies 
with the resistance of resistive element 115, and therefore with the extent of 
misalignment between conductive element 105 and resistive element 115. 
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Detailed Description Text - DETX (12): 

The voltage between terminals 155 and 165 can be converted into an 
approximation of misalignment between the contact layer and the first 
conductive layer. However, process variations will affect the values of each 
resistor within structure 100, and therefore the determination of the extent of 
misalignment . For example, process variations that affect the thickness and 
resistivity of resistive element will impact on the resistance of resistive 
element 115. Unless accounted for, such resistance variations can incorrectly 
indicate the extent and direction of misalignment . 

Detailed Description Text - DETX (13): 

FIG. 3 depicts a mask -alignment measurement structure 300 in accordance with 
an embodiment of the invention that reduces the impact of process variations on 
alignment measurements. In structure 300, structure 100 of FIG. 1A is mirrored 
by an opposite but otherwise identical structure 305. Features 135, 140, and 
145 here illustrate that each of the layers used to form elements 105, 1 10, and 
115 are misaligned in the X dimension. Specifically of interest, contact layer 
120 (FIG. IB) in which resistive elements 1 15 is formed is misaligned by an 
alignment error E with respect to the conductive layer in which elements 105 
are formed. 

Detailed Description Text - DETX (14): 

Misalignment error E increases contact length L to L+E. in structure 100 
and decreases contact length L to. L-E in structure 305. Consequently, the 
resistance through structure 100 is reduced and the resistance through 
structure 305 is increased. The two resistances can then be used to measure 
the direction and extent of misalignment error E using methods described below. 

Detailed Description Text - DETX (15): 

FIG. 4A depicts a mask -alignment measurement structure 400 in accordance 
with another embodiment of the invention. Structure 400 includes a plurality 
of structures 300A-D, each of which is similar to structure 300 of FIG. 3. In 
each of structures 300A-D, the contact lengths L and L' of each mirrored pair 
of resistive elements 115 are the same. For example, each resistive element 
115 of structure 300A has an exemplary contact length of 0.15 um. Each 
subsequent structure 300B-D then includes resistive elements 115 in which the 
contact length is incrementally increased by 0.1 um. The equivalent contact 
lengths for each mirrored pair of resistive elements 115 assumes that the 
layers used to form conductive elements 105 and resistive elements 115 are 
perfectly aligned, as indicated at the bottom of FIG. 4 A using features 140 and 
145 (i.e., alignment error E is zero). 
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Detailed Description Text - DETX (16): 

FIG. 4B is a graph depicting the relationship between contact length L and 
resistance for the various resistive elements 115 of mask -alignment measurement 
structure 400. In structure 300 A, each resistive element 115 has an identical 
contact length of 0.15 um and therefore identical resistance values. These 
identical values are plotted on a curve 410 as the first "x" from the left. 
Likewise, the relative resistances of each successive structure 300A-D are 
plotted on curve 410. The resistance values are not given because they vary 
with process variations. However, the shape of curve 410 can be expected to be 
similar for different processes. 

Detailed Description Text - DETX (17): 

FIG. 5A depicts a mask -alignment measurement structure 500 similar to 
mask -alignment measurement structure 400 of FIG. 4A. Structure 500 differs 
from structure 400 in that contact layer 120 (FIG. IB)— and therefore resistive 
elements 115~is misaligned with respect to conductive elements 105 by an 
alignment error E of 0.1 um in the X dimension. This misalignment shifts each 
resistive element 115 to the left so that contact length L in each resistive 
element 115 in the left column of FIG. 4A is increased by 0.1 um and contact 
length L' in each resistive element 1 15 in the right column is reduced by 0.1 
um. The misalignment is indicated at the bottom of FIG. 5 A using features 140 
and 145. 

Detailed Description Text - DETX (19): 

FIG. 5B is a graph depicting the relationship between intended contact 
length L.sub.IN and the measured resistance for the various resistive elements 
1 15 of mask -alignment measurement structure 500 of FIG. 5 A. The graph includes 
three curves 505, 510, and 515. Curve 505 is the ideal curve taken from FIG. 
4B, in which resistive elements 115 and conductive elements 105 were precisely 
aligned. Circular data points represent resistance data taken from resistive 
elements 115 selected from the left-hand side of structure 500; square data 
points represent resistance data taken from resistive elements 115 selected 
from the right-hand side of structure 500. The resistances of the right-hand 
resistive elements 115 in structure 300 A through 300D are increased and the 
left-hand resistive elements 115 decreased due to the misalignment . 
Consequently, curve 510, drawn through the circular data points, is similar to 
the ideal curve but shifted to the left by 0. 1 um, the alignment error E. Curve 
510 is extended to illustrate the similarity between curves 510 and 505. 
Likewise, curve 515, drawn through the square data points and also extended, is 
similar to ideal curve 505 but shifted to the right 0.1 um. The alignment 
error E can be calculated by measuring the offset of curves 510 and 515 in the 
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X dimension and dividing the result by two. 

Detailed Description Text - DETX (20): 

The resistance values along curves 515 and 510 change with process 
variations. However, the spacing between curves 510 and 515 in the X dimension 
(twice the misalignment error E) is relatively independent of process 
variations. Thus, structure 400 provides an accurate measure of the extent and 
direction of misalignment . 

Detailed Description Text - DETX (21): 

The following Table 1 illustrates how hypothetical data obtained using 
exemplary misaligned structure 500 of FIG. 5 A can be used to measure 
misalignment . Resistances R.sub.O through R.sub.3 are hypothetical. The first 
column, labeled "Error," represents an amount of misalignment between resistive 
and conductive elements in the X dimension. In this example, the error E is 
positive when resistive elements 1 15 is shifted to the left with respect to 
conductive elements 105. 

Detailed Description Text - DETX (22): 
The two rows labeled E=0 show that the resistances corresponding to L and L' 
(the respective left- and right-side resistive elements 115) are equal for each 
of structures 300A through 300D. The rows labeled E=0.1 show that for a 
misalignment of 0.1 um the resistances corresponding the left-side structures 
decrease and the resistances of the right side increase so that equivalent 
resistance values are offset by 0.2 um, or 2E. For example, resistance value 
Rl is associated with the left side of structure 300A and the right side of 
structure 300C. These structures were designed to have overlaps that differ by 
0.2 um; the fact that they exhibit the same resistance indicates resistive 
elements 115 have shifted 0.1 um with respect to conductive elements 105. The 
equivalent resistances R.sub.2 associated with the left-hand resistive element 
of structure 300B and the right-hand resistive element of structure 300D 
indicate the same degree of misalignment . The fact that the left-hand 
resistive elements exhibit lower resistance than do the right-hand resistive 
elements indicates that resistive elements 1 15 are misaligned to the left. 
Finally, the rows labeled E=-0.1 show that for a misalignment of -0.1 um the 
resistances corresponding the left-side structures increase and the resistances 
of the right side decrease so that equivalent resistance values are offset by 
-0.2 um, or -2E. For example, resistance value Rl is associated with the right 
side of structure 300A and the left side of structure 300C. The fact that the 
left-hand resistive elements exhibit higher resistances than do the right-hand 
resistive elements indicates that resistive elements 1 15 are misaligned to the 
right. 
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Detailed Description Text - DETX (23): 

The structures and methods described above for measuring the alignment of a 
contact layer and an underlying conductive layer are easily adapted for use in 
measuring the alignment of a conductive layer and an underlying contact layer. 
Referring to FIGS. 1 A and IB, for example, such a measurement could be 
facilitating by forming conductive element 1 10 in the lower conductive layer 
and conductive element 105 in the upper conductive layer. These and other 
variations will be apparent to those of skill in the art. 

Detailed Description Text - DETX (24): 

Structure 500 is illustrated as having four pairs of resistive elements 115. 
Actual circuit implementations can include many more, and semiconductor wafers 
might include many such test structures. Unfortunately, the test terminals of 
these structures occupy a great deal of valuable area. An embodiment of the 
invention addresses this problem. FIG. 6 schematically depicts an integrated 
circuit 600 that reduces the number of test terminals needed to measure the 
resistances of an array of mask -alignment test structures. The depicted 
embodiment employs an array that includes test structures 300A-D described 
above in connection with FIGS. 3 through 5B. Test structures 300A-D are 
arranged in columns that can be independently selected using a column decoder 
605. The two test structures 100 within each of test structures 300A-D can be 
independently selected using a row decoder 610. In combination, column decoder 
605 and row decoder 610 can be employed to independently measure the resistance 
of each resistive element 1 15 in the manner described in connection with FIG. 2 
above. 

Detailed Description Text - DETX (26): 

Current from a current source 635 passes through the selected resistive 
element 115(0,0) to ground. The voltage drop across resistive element 115(0,0) 
is then measured across terminals B and C of circuit 600. This voltage, 
combined with the current level through source 635, provides a measure of 
resistance for resistive element 1 15(0,0). Each of the remaining test 
structures 100 is similarly selected and measured. Finally, the resulting 
resistance values are used as discussed in connection with FIG. 5B or Table 1 
to determine the extent of misalignment . 

Detailed Description Text - DETX (27): 

FIG. 7A is a plan view of a mask -alignment detection structure 700 in 
accordance with another embodiment of the invention; FIG. 7B is a cross 
sectional view of mask -alignment detection structure 700 taken along line B-B' 
of FIG. 7 A. Structure 700 includes a pair of diffusion regions 705 and 710 
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separated by a conductive element 715, typically polysilicon. Each of these 
structures is formed on and within a semiconductor layer 720, typically an 
epitaxial layer of a silicon wafer. Conductive element 715 serves as a mask 
when diffusion regions 705 and 710 are formed, so that diffusion regions 705 
and 710 are self-aligned with edges of conductive element 715. An oxide layer 
725 separates conductive element 715 from the underlying layer 720. 

Detailed Description Text - DETX (28): 

A pair of test terminals 730 and 735 connect to diffusion region 705 via a 
respective pair of contacts 740 and 745. The area of diffusion region 705 is 
the product of the length L and width W. The resistance of diffusion region 705 
is inversely proportional to the width W of diffusion region 705, and the width 
W depends in turn on the extent to which conductive element 715 and the 
underlying insulator 725 are aligned in the X dimension with diffusion regions 
705 and 710. Conductive element 715 and the underlying oxide 725 extend beyond 
the upper and lower edges of diffusion 705 by a maximum alignment tolerance M 
for the Y dimension. The X dimension also has a maximum alignment tolerance N. 

Detailed Description Text - DETX (29): 

Alignment errors in the Y dimension will not affect the resistance of 
diffusion region 705, provided that such errors do not exceed M. Alignment 
errors in the X dimension will affect the resistance of diffusion region 705, 
however, because the area of diffusion region 705 is proportional to the extent 
to which conductive element 715 is aligned with diffusion region 705 in the X 
dimension. The resistance between terminals 730 and 735 can therefore be 
converted into an approximation of misalignment between the conductive element 
715 and diffusion region 705. Structure 700 can therefore be used to measure 
misalignment between a conductive layer and a diffusion region. Process 
variations will affect the resistance, and therefore the determination of the 
extent of misalignment . For example, variations in doping levels and diffusion 
depth both affect resistance. FIG. 8 depicts a mask -alignment measurement 
structure 800 in accordance with an embodiment of the invention that reduces 
the impact of process variations on alignment measurements. In structure 800, 
structure 700 of FIG. 7A is mirrored by an opposite but otherwise identical 
structure 700. Features 805 and 810 illustrate that the layer used to form 
elements 705 and 705' are misaligned from the layer used to form elements 715 
and 715' by an amount E in the X dimension. 

Detailed Description Text - DETX (30): 

Misalignment error E increases diffusion width W to W+E in structure 700 and 
decreases diffusion width W to W-E in structure 700'. Consequently, the 
resistance through structure 700 is reduced and the resistance through 



10/13/08, EAST Version: 2.3.0.3 



structure 700' is increased. The two resistances can then be used to measure 
the direction and extent of misalignment error E. Structure 800 can be 
duplicated using varying widths W and used to measure misalignment in the 
manner described above in connection with FIG. 5B or Table 1. 

Detailed Description Text - DETX (31): 

In another embodiment, diffusion 710 is compared with diffusion 705 to 
determine an extent of misalignment . In this embodiment, significant 
misalignment can create substantial voltage differences between diffusion 705 
and diffusion 710. The width of conductive element 715 should therefore be 
sufficient to keep current from flowing beneath element 715 in response to 
these potential voltage differences. 

Detailed Description Text - DETX (32): 

FIG. 9A is a plan view of a mask -alignment detection structure 900 in 
accordance with another embodiment of the invention; FIG. 9B is a 
cross-sectional view of structure 900 taken along line C-C' of FIG. 9A. 
Structure 900 facilitates misalignment measurements between diffusion regions 
formed in different process steps and patterned using separate masks. 
Structure 900 can be used to measure misalignment between masks used to form 
different diffusion regions. For example, structure 900 can be used to measure 
the extent of misalignment between a mask used to form active semiconductor 
regions (e.g., source and drain regions) and well diffusions within which the 
active regions are formed. Structure 900 includes a patterned insulating layer 
905 -typically a field oxide-that serves as a mask to form active diffusion 
regions (not shown) for other devices on the same die as structure 900. A 
window 910 in insulating layer 905 might be formed, for example, along with 
similar windows used to define source and drain regions in a standard CMOS 
process. Window 910 therefore reflects the active regions. 

Detailed Description Text - DETX (33): 

A mask 915, typically of photoresist, is used to define well diffusions, 
including a well diffusion 920 that extends through window 910 and into a 
semiconductor layer 925. Semiconductor layer 925 is typically an epitaxial 
silicon layer. The width W of the overlap between window 910 and diffusion 920 
varies with misalignment between insulating layer 905 and mask 915 in the X 
dimension, and consequently with misalignment between active diffusions and 
well diffusions. 

Detailed Description Text - DETX (34): 

A pair of test terminals 930 and 932 connect to diffusion region 920 via a 
respective pair of contacts 935 and 940. In one embodiment, contacts 935 and 
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940 are heavily doped diffusions of the same dopant type as diffusion region 
920. Referring to the view of FIG. 9B, the cross-sectional area of diffusion 
region 920 varies with misalignment of oxide layer 905 relative to mask 915; 
consequently, the resistance between terminals 930 and 932 also varies. 

Detailed Description Text - DETX (35): 

The length L of diffusion region 920 provides a tolerance M in the Y 
dimension. Window 910 is laid out to overlap the underlying diffusion 920 so 
that misalignment in one direction in the X dimension reduces resistance and 
misalignment in the opposite direction increases resistance. Window 910 can be 
covered by poly silicon and oxide layers (e.g., the gate and gate oxide in a 
standard CMOS process) to protect the underlying silicon layer. 925 from the 
active diffusions. 

Detailed Description Text - DETX (36): 

Alignment errors in the Y dimension will not significantly affect the 
resistance between terminals 930 and 932 as long as such errors do not exceed 
M. Alignment errors in the X dimension will affect this resistance, however. 
Thus, the resistance between terminals 930 and 932 can be converted into an 
approximation of misalignment between mask 915 and window 910 in the manner 
described above in connection with structure 700 of FIGS. 7 A and 7B. However, 
as with structure 700, process variations will affect the resistance, and 
therefore the determination of the extent of misalignment . 

Detailed Description Text - DETX (37): 

FIG. 10 depicts a mask -alignment measurement structure 1000 in accordance 
with an embodiment of the invention that reduces the impact of process 
variations on alignment measurements. In structure 1000, structure 900 of 
FIGS. 9A and 9B is mirrored by an opposite but otherwise identical structure 
900'. Features 1005 and 1010 illustrate that the layer used to form windows 
910 and 910' is misaligned with diffusions 920 and 920' by an amount E in the X 
dimension. 

Detailed Description Text - DETX (38): 

Misalignment error E decreases overlap width W to W-E in structure 900 and 
increases diffusion width W to W+E in structure 900'. Consequently, the 
resistance through structure 900 is increased by about the same amount that the 
resistance through structure 900' is reduced. The two resistances can then be 
used to measure the direction and extent of misalignment error E. Process 
variations affect both structures 900 and 900' in substantially the same way. 
Structure 1000 can be duplicated using varying widths W and used to measure 
misalignment in the manner described above in connection with FIG. 5B or Table 
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1. 



Detailed Description Text - DETX (39): 

Each of the above-described structures measures misalignment in one 
dimension. Similar structures oriented in other dimensions detect misalignment 
in other directions. Misalignment between layers is typically tested using two 
sets of test structures aligned along perpendicular axes. 

Claims Text - CLTX (1): 

1. A mask -alignment detection circuit comprising: a. a conductive element 
formed on a semiconductor layer and extending in a plane defined by 
perpendicular X and Y dimensions, the conductive element having an edge 
extending in the Y dimension; b. a diffusion region formed in the 
semiconductor layer, the diffusion region occupying a first area in the plane 
and including: i. first and second test terminals; and ii. a side bounded by 
the edge of the conductive element; c. wherein the first area is proportional 
to a first extent to which the conductive element is aligned with the diffusion 
region in the X dimension and is independent of a second extent to which the 
conductive element is aligned with the diffusion region in the Y dimension; 
and d. wherein the conductive layer is aligned with the diffusion region in the 
X dimension to within a first maximum alignment tolerance and in the Y 
dimension to a second maximum alignment tolerance. 

Claims Text - CLTX (5): 

5. The detection circuit of claim 1, further comprising means for measuring 
a resistance between the first and second test terminals. 

Claims Text - CLTX (7): 

7. A mask -alignment detection circuit formed on a semiconductor wafer, the 
wafer having a surface defining a plane having X and Y dimensions, the 
detection circuit comprising: a. a diffusion region formed in the surface of 
the wafer and patterned to occupy a diffusion area parallel to the plane; b. 
first and second test terminal connected to the first diffusion region; c. an 
insulating layer formed on the surface of the semiconductor wafer and patterned 
to include a window over at least a portion of the first diffusion area between 
the first and second terminals, wherein the window and the diffusion area 
overlap one another to form an overlap area; d. wherein the overlap area is 
proportional to a first extent to which the diffusion region and the window are 
aligned in the X dimension and is independent of a second extent to which the 
diffusion region and the window are aligned in the Y dimension; and e. wherein 
the diffusion region and the window are aligned in the X dimension to within a 
first maximum alignment tolerance and in the Y dimension to a second maximum 
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alignment tolerance. 



Claims Text - CLTX (10): 

10. A circuit for measuring an extent of misalignment between 
integrated-circuit features and a plurality of simultaneously formed diffusion 
regions, the circuit comprising: a. a first one of the plurality of diffusion 
regions having a first width and a first length and including first and second 
test terminals; b. a second one of the plurality of diffusion regions having a 
second width and a second length and including third and fourth test terminals; 
c. wherein the first width varies in proportion to the extent of misalignment 
and the second width varies in inverse proportion to the extent of 
misalignment ; d. means for measuring a first resistance between the first and 
second test terminals and for measuring a second resistance between the third 
and fourth test terminals. 

Current US Original Classification - CCOR (1): 
33/645 
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